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EXECUTIVE SUMMARY

Overview

The EPA promulgated thariginal CrossState AirPollution Rule ¢riginal CSAPR) on
August § 2011(U.S. EPA, 2011)to address interstate transport of ozone gohuinder the
1997 Ozone NAAQS.The primary purpose dhis CrossState Air Pollution Rule Update
(CSAPR Updateis to address interstate gjuality impacts with respect to the 2008one
National Ambient Air Quality Standards (NAAQSpecifically, this CSAPR Update will
reduce ozone season emissions of oxides of nitroger)(INQ2 eastern states that can be
transported downwind as N, after transformation in the atmosphere, as ozone and
contribute significantly to nonattainment or interfere with maintenance of the 2008 Ozone
NAAQS in downwind states. For the 22 eastern staffested by this rulethe EPA is issuing
Federal Implemeation Plans (FIPs) that generally provide updated CSAPR d¥One season
emission budgets for electric generating units (EGUs)samaplemening these emission
budgets via modifications to the CSAPR f@one season allowance trading program. The
CSAPRlpdate is also intended t o r ersnmodoicerttio t he
CSAPR NG ozone season emission budgets to the EPA for reconsideration. This Regulatory
Impact Analysis (RIA) presents the health and welfare benefits and climb&netits ofthe
CSAPR Update, and compares the benefits to the estimated costs of implementing the CSAPR
Update for the 2017 analysis year. This RIA also reports certain other impacts of the CSAPR
Update, such as its effect on employment and energy pribEssexecutive summary explains

the analytic approach taken in the RIA and summarizes the RIA results.

ES.1 Identifying NeededEmission Reductions

As described in the preamble for the CSAPR UpdaBAPR provides a-dtep
framework foraddresmg the requirements d&AA section 110(a)(2)(D)(i)(I)gometimes called
t he fAgood n e forlodooerodfinepartcwate snaterr(Py standards(1)
identifying downwind receptors that are expected to have problems attaining or maintaining

clean air standards (i.e., NAAQS); (2) determining which upwind states contribute to these

1 CSAPR also addressed interstate transport of fine particulate mattgg) (@der the 1997 and 2006 RM
NAAQS.

ES1



identifiedpr obl ems i n amounts sufficient to fl
(3) for states linked to downwind air quality problems, identifying upveimissions that
significantly contribute t@ownwindnonattainment or interfere witlownwindmaintenancef
a standardand (4)reducing the identified upwind emissions via regional allowance trading
programsfor states that are found to have emissibtias significantly contribute to
nonattainment or interfere with maintenance of the NAAQS downwihd.CSAPR Update
applesthis 4stepframeworkto update CSAPR taddress interstate emissions transporttfer
2008 ozone NAAQ$ the eastern United State

Application ofthe first two steps ahe 4step frameworkvith respect to the 2008 ozone
NAAQS provides the analytic basis fiimding thatozoneseason emissions 22 eastern statés
affect the ability of downwind states to attain andintain the 208 ozone NAAQSFigure ES1
shows theestateswhich are affected by this rulé/ore details on the methods and results of

nko

applying this process can be found in the preamble for this CSAPR Update, and in Chapter 4 of

this RIA.

2 Alabama, Arkansas, lllinois, Indiana, lowa, Kansas, Kentucky, Louisiana, Maryland, Michigan, Mississippi,

Missouri, New Jersey, New York, Ohio, Oklahoma, Pennsylvania, Tennessee, Texas, Virginia, West Virginia, and

Wisconsin.
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|:| States covered by the Cross-State Air Pollution Update Rule (22 states)

Figure ES-1. StatesCovered by the CrossState Air Pollution Rule Update

Applying Step 3of the 4step frameworkthe CSAPR Update quantifidsGU NOx
emi ssion budgets for these 22 xoaocpdseasom st at es.
emission budget represents the quamtityemaining EGU NQ emissions after reducing those
emissionghat significantly contribute to downwind nonattainment or interfere with maintenance
of the 2008 Ozone NAAQS in an average yehnese updated CSAPR N@missions budgets
were developed congdng EGU NQ reductions that are achievable for the 2017 ozone
seasort.In calculating these budgdtse EPA appliedhe CSAPRmulti-factor test to evaluate
cost, available emission reductions, and downwind air quality impacts to determine the
appropriatdevel of uniform NG control stringency that addresses the impacts of interstate

transport on downwind nonattainment or maintenance receptors. The EPA is fina(glihg

3 For example, assuming no asmal variation in electricity supply due to events such as abnormal meteorology.

4 Non-EGU NOx emission control measures and reductions are not included in this CSAPR Update.
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NOx ozoneseason emission budgeksveloped usingniform control stringency represexdtby
$1,400 peton control coss (2011$)° Applying Step 4 of th 4stepframework the EPA is
finalizing FIPs for each of the 22 states that require affected EGUs to participate in the CSAPR

NOx ozone season allowance trading program subject to the final emission budgets.

For this RIA, in order to implement the OMB Circulardrequirement to asseasleast
one less stringent and one more stringent alternatiaeutemakingthe EPA is alsoralyzing
EGU NOx ozone season emission budgets developed using uniform control stringency
represented by $800 ptn (2011%$) and emission budgets developed using uniform control
stringency represented by $3,400 mer (2011$f The results of these ayals are summarized

in section ES.3 below.

ES.2 Baseline and Analysis Yeas

The CSAPR Update sets forth the requirements for 22 eastern states to reduce their
significant contribution to downwind nonattainment or interference with maintenance of the
2008 @one NAAQS. To evaluate the benefits and costs of this regulation, it is important to first
establish a baseline projection of both emissions and air quality in the analysisfyz&fr7and
202(Q taking into account currently ehe-books Federal regulans,” substantial Federal

regulatory updates, enforcement actions, state regul&tfmyslation, and where possible,

5 The basis for identifying this level of uniform control stringency is dised in section VI.B of the preamble to

the CSAPR Update rule and in the EGU N@itigation Strategies Final Rule TSD. Further, the basis for finalizing
EGU NOk emission budgets developed using this level of uniforny Si@trol stringency is described section

VI.C of the preamble to the CSAPR Update Rule.

6 The bases for identifying these levels of uniform control stringency are discussed in section VI.B of the preamble
to the CSAPR Update rule.

" The proposed CSAPR Update used an IPM base casedhatdd theE P A Glsan Power Plan (CPP). Many
commenters requested that the agency not include the Clean Power Plan in tB&RQi&djections For the
reasons discussed in Section V.B of the preami@ehave excluded the CPP from the base case modetittys
rule.

8 After the emissions and air quality modeling for the final rule were underway, Pesmmiaybublished a new

RACT rulethat require EGU and norfEGU NCx reductions starting on January 1, 2017. The EPA was unable to
explicitly include this ihal state rule in thbaseline emission projectiofer the final CSAPR Update Rule.

However, the EPA recognizes that the implementation of this final state rule will precede the first control period for
the final CSAPR Update Rule. The ageneyantifiescosts and benefits of the CSAPR Update in this RIA that are
incrementalt® ennsyl vani ads RACT rul e.
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economic growth. Establishing this baseline for the analysis then allows us to estimate the
incremental costs and benefits of the addii emission reductions that will be achieved by the
CSAPR Updaté.

The analysis in this RIA focuses on benefits, costs and certain impacts in 2017. Certain
impacts in 2020, such as forecast emissions changes from the electricity sector, are alslo reporte
in this RIA The results from the analysis in support of the CSAPR Update that are reported in
this RIA are limited to these two analysis years. Other regulatory actions, including the 2015
0zoneNAAQS, are expected to have a growing influence on theepsector in later years, as
explained bel ow. For this reason, the EPA exp

on emissions reductions will occur between 2017 and 2020.

Below is a list of some of the national rules reflected in the basé€livegiers 3 and 4
provide additional explanation about which rules are acccounted for in the baseline as well as
other details about how the baseline was constructed for thisHatA more complete list of the
rules reflected in the air quality modeling, please see the Technical Support Document:
Preparation of Emissions Inventories for the Version 6.2, 2011 Emissions Modeling Platform
(U.S. EPA, 2015)For a list of those regulans reflected in the compliance and cost modeling
of the electricity sectlbUsing!pPMIiecementalsee AEPA Ba

Documentation® August, 2015.

1 Standards of Performance for Greenhouse Gas Emissions from New, Modified, and
Reconstructe®@tationary Sources: Electric Utility Generating Units (U.S. EPA, 2015a)

i Tier 3 Motor Vehicle Emission and Fuel Standards (U.S. EPA, 2014)

1 2017 and Later Model Year Ligiuty Vehicle Greenhouse Gas Emissions and Corporate
Average Fuel Economy StandardsQUEPA, 2012)

9 Note that this modeling platform does not include the Regional Haze Plan for Texas and Oklahoma, published
January 5, 2016. The EPA does not believertiiss would substantially affect ozone seablfdx emissions in
2017, and therefore budgets determined for this rule.

10 http://www.epa.gov/powersectormodelinghl
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f  Cross State Air Pollution Rule (CSAPR) (U.S. EPA, 2&11)
f  Mercury and Air Toxics Standard®ATS) (U.S. EPA, 2014)*?

1 Greenhouse Gas Emissions Standards and Fuel Efficiency Standards for Medium
HeavyDuty Engines and Vehicles (U.S. EPA1A®)

1 C3 Oceangoing Vessels (U.S. EPA, 2010)
i Reciprocating Internal Combustion Engines (RICE) NESHAPs (U.S. EPAaR010

1 Regulation of Fuels and Fuel Additives: Modifications to Renewable Fuel Standard
Program (RFS2) (U.S. EPA, 2090

1 Light-Duty Vehicle Grenhouse Gas Emission Standards and Corporate Average Fuel
Economy Standards; for Mod¥kar 20122016 (U.S. EPA, 2010c)

1 Hospital/Medical/Infectious Waste Incinerators: New Source Performance Standards and
Emission Guidelines: Amendments (U.S. EPA, 2009)

1 Emissions Standards for Locomotives and Marine Compresgiotion Engines (U.S.
EPA, 2008)

1 Control of Emissions for Nonroad Spark Ignition Engines and Equipment (U.S. EPA,
200%)

11 0On July 28, 2015, the D.C. Circuit issued its opinion regarding CSAPR on remand from the Supreni&MEurt,
Homer City Generation, L.Pv. EPA No.795 F.3d 118, 1230, 138 EME Homer City I). Unlike the modeling for

the proposed rule, whichwasconduet pri or to the D.C. Circuitds issuance

base case accounts for compliance with the original CSAPR by including as constraints all original CSAPR
emission budgets with the exception of remanded phasex®kiihe seasomassion budgets for 11 states and
phase 2 N®@ ozone season emission budgets for four additional states that were finalized in the original CSAPR
supplemental rule. Specifically, to reflect original CSAPR o0zone seasaméd@irements, the modeling includes

as constraints the original CSAPR N@zone season emission budgets for 10 statdlsmbama, Arkansas, Georgia,
Illinois, Indiana, Kentucky, Louisiana, Mississippi, Missouri, and Tennessedurther discussion, see Chapter 4

of this RIA.

121n Michigan v. EPA the Supreme Court reversed on narrow grounds a portion of the D.C. Circuit decision
upholding the MATS rule, finding thalhe EPA erred by not considering cost when determining that regulation of
EGUs was "appropriate" pursuant to CAA section(h)@). 135 S.Ct. 192 (2015). On remand, the D.C. Circuit left

the MATS rule in place pendinpeEPAds compl etion of its cost considerati

Cour t 6 s Wlite Stallion Emergy Ctr. v. ERA0. 121100 (Dec. 15, 2015) (der remanding MATS rule
without vacatur). The EPA finalized its suppl ement al
on April 14, 2016. 81 FR 24420 (April 25, 2016). The MATS rule is currently in place.

B This rule is Phase 1 of the HgaDuty Greenhouse Gas Standards for New Vehicles and En@®éR 57106,
September 15, 20)1 Phase 2 ahe Heavy Duty Greenhouse Gas Standards for New Vehicles and Efg8firteR
40138, July 13, 2015) is not included because the rulemaking wasaatdd in time to include in this analysis.
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i NOy Emission Standard for New Commercial Aircraft Engines (U.S. EPA, 2005)

1 Regional Haze Regulations and Guidelines for Best Available Retrofit Technology
Determinations (U.S. EPA, 2086

With regard to the increment of impacts attributable to the CSAPR Uaddtke original
CSAPR, the EPA does not believe that the costs amefiteefor the original CSAPR and the
CSAPR Update are entirely additive. TBRA recognizes that the majority of the benefits of the
original CSAPR were derived from reductions in.®@d annual NOx emissions, and the
benefits of the CSAPR Update are paify based on ozorgeason NOx emissiemeductions.
However, five years have passed between promulgation of the original CSAPR and the CSAPR
Update, and the two rules have different baseliteshe intervening five years, changes in the
power sectorttat are independent of these rules, such as changes in fuel costs and electricity
markets as well as other federal and state level actions, which creates challenges when estimating
the sum of the costs and benefits of these two rufeaddition, implematation of the original
CSAPR was delayed such that its two phases were implemented as iphasts to be met by
2015, and phaseillimits to be met by 2017. The reductions estimated for the CSAPR Update
in 2017, given that it replaces remanded oagiCSAPR budgets, may overlap with reductions
that would have otherwise occurred for phaseHibwever, the benefits and costs of CSAPR are
still notable given the enduring original CSAPR ozone season NOx budgets, annual NOx
budgets, and Sudgets.While the EPA did remove the remanded ozone season NOx budgets
for three states, two of these states (North Carolina and South Carolina) remain subject to annual
NOx requirementsThes e ori gi nal CSAPR budgets are al/l

baselire and policy alternatives.

Al so, EPA expects that most of the CSAPR U
will occur between 2017 and 2020e have excluded the CPP from the base case modeling for
this rule. The EPA does not anticipate significameractions with the CPP and the neaim

ozone season EGU N@mission reduction requirements under the CSAPR Update.

ES.3 Control Strategies and Emissions Reductions

The CSAPR Update requires EGUs in 22 eastern states to tiatkrséate transpodf

NOx emissionghat significantly contribute to nonattainment or interfere with maintenance of
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the 2008 ozone NAAQS he CSAPR Update sets EGU NOzone season emission budgets

(allowable emission levels) for 2017 and future years. The CSAPR Ugldafenalizes FIPs

for each of the 22 states that require affected EGUSs to participate in the CSARRzdi@

season allowandeading programThe allowance trading program is the remedy in the FIP that
achieves the ozone season\gnission reductionsequiredby the CSAPR Update. The

allowance trading program essentially converts the EGY &l@ission budget for each of the 22

states subject to the FIP into a limited number ok@one season allowances that, on a
tonnage basi s, equ arissibnbadges.t at eds o0zone season

The final CSAPR Update EGU Nzone season emission budgets for each state were
developed usingniform control stringency represented by $1,400t@enf NO« reductiongor
affected EGUs. Furthermore, this RIA analyzes regulatory daadteynatives based on more
and less stringent state emission budgets developed using uniform control stringency represented
by $3,400 peton and $800 pepn, respectivelyAs described in Chapter 4 thealysisn this
RIA uses illustrative budgets thdiffer somewhatrom the finalized budgets for the CSAPR
Update because¢he analysis for this RIA began before the budgets were finalized. Appehdix 4
reports the emissions reductions and costs of

finalized budgets.

The EPA analyzed ozongeason N&@emission reductionsom implementing the CSAPR
Update EGU NQ ozone season emission budgetsgthe Integraéd Planning ModellPM).
Table ES1 shows the emission reductions expected from the CSAPR Update and the more and
less stringent alternatives analyzed. Included in the table are annual and seasaad NO

carbon dioxide (Cg) reductions over the contigusl.S.

Table ES1. Projected 2017* EGU Emissions Reductions of Nkand CO: with the
CSAPR Update NG« Emission Budgets and More and Less Stringent
Alternatives (Tons)”

More Stringent Less Stringent
CSAPR Update Alternati\?e AIternati\?e
NOx (annual) 75,000 79,000 27,000
NOx (0zone season) 61,000 66,000 27,000
CGO;, (annual) 1,600,000 2,000,000 1,300,000

* The forecast ofnual reductionsf CO, in 2017 isbased on 2018 IPM direct model outputs.
™ NOy emissions are reported in English (short) t@13; is reported in metric tong\ll estimates rounded to two
significant figures.
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ES.4 Costs

In addition toemission reductionshe EPAestimateccompliance costs associated wtitle
regulatory control alternative¥he compliance cost estimagpresets the change in the cost of
supplying electricy underachregulatory controélternative. Tis change reflest boththe
changes in electricity production costs resulting from application of d@trol strategiesas
well as differences costs relatedb the smalchanges in thgeneration fuemix projected to
occur as a result of complianagth the emissions budgefBhe Agencyusesthe compliance

cost estimate from IPM as a proxy for social costs.

The estimate of thiotal cost of this CSAPR Updatéherefore, is the combination of NO

costs estimated by IPM and additional costs estimated outside of IPM. The cost estimates for the

CSAPR Update and more and less stringent alternatives are presented in TAblaIEDsts

are in 2011 dollars.

Table ES2. Cost Estimates (20113$) for CSAPR Update and More and Less Stringent

Alternatives
Alterantive Annualized*
CSAPR Update $68,000,000
More Stringent Alternative $82,000,000
Less Stringent Alternative $8,000,000

*Costs ar@annualized over the peri@&D17 through2020 using the 4.7percend i scount r ate used
objective functiorfor minimizing the net present value of the stream of total costs of electricity genefation
explanation of the annualization of thesstsacan be found in Chap#pf this RIA. All estimates are rounded to

two significant figures.

ES.5 Benefits to Human Health and Welfare

Implementingthis CSAPRUpdateis expected to reduce emissions of ozone seasan NO
In the presence of sunlight, N@nd VOCs can undergo a chemical reaction in the atmosphere
to form ozone. Reducing NCGemissions also reduces human exposure to ozone and the
incidence of ozoneelated health effectslepenehg on local levels of volatile organic
compounds (VOCs)n addtion, implementing the CSAPRpdateis expected toeduce
emissions of N@throughout the year. Because NS also a precursor to formation of ambient
PM s, reducingNOx emissions would also reduce human exposure to ambier tRkdughout
the year andvould reduce the incidence of BMrelated health effect&inally, theseemission

reductions wouldower ozone and Pls concentrations in regiorigeyondthose subjedb this
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CSAPRUpdate though this RIA does not account feenefitsoutside of the CAPR Update 22
state region. Additionally, dthough we do not have sufficient data to quantify these impacts in
this analysis, reducing emissions of N@ould also reduce ambient exposuraitoogen

dioxide (NO.) andits associated health effects.

In this section, we provide an overview of the monetized obenefits andPM s-
relatedco-benefits estimateffom NOx reductiondor compliance witithe CSAPR EGU N§
ozone season emission budgets andf®more and lesstringent alternativeg\ full description
of the underlying data, studies, and assumptions is provided in the PM NAAQS RIA (U.S. EPA,
2012a) and Ozone NAAQRBIA (U.S. EPA, 201b). The EPA does not view the projected
change iSOG from IPM as a meaningful impact of the policjccordingly, this RIA does not

quantify SQ-related PM s co-benefits.

ES.5.1Human Health Benefits and Climate Benefits

This analysis utilizea A d afmiangcet i ono approach in calcul a
estimates changes in individual health endposyedific effects that can be associated with
changes in air quality) and assigns values to those changes assuming independence of the values
for those individual endpoints. Because the EPA rarely has the time or resources to perform new
research to measudirectly either health outcomes or their values for regulatory analyses, our
estimates are based on the best available methods of benefits transfer, which is the science and
art of adapting primary research from similar contexts to estimate benefite fentironmental
guality change under analysiEhe benefitperton approach we use in this RIA relies on
estimates of human health responses to exposomte andPM obtained from the peer
reviewed scientific literature. These estimates are used jarcdion with population data,
baseline health information, air quality data and economic valuation information to conduct
health impact and economic benefits assessments. These assessments form the key inputs to
calculding benefitperton estimatesThus to develop estimates of benefits for this RIA, we are
transferring both the underlying health and economic information from previous studies and

information on air quality responses to emission reductions dtberair quality modeling

To performthe benefits transfein this RIAwefollowa A bgeredmd approach

estimaing the ozoneandPM: s benefits. Benefiperton approaches apply an average benefit
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perton derived from modeling of benefits of specific air quality scenarios to estimates of
emission reductions for scenarios where no air quality modeling is availalel®enefiperton
values used in this RIA were estimating using air quality modelindumiad specifically for

this RIA. The baseline air quality modeling used to estimate the b@eetibn values does not
account for the Pennsylvania RACT, and the policy case is the CSAPR Update with the
illustrative budgets described in ChapteMére information on these approaches is available in
Chapter5 of the RIA.

The Health Impact AssessmehlQ) for ozone and Phk, discussed further in Chapter 5
of this RIA, quantifies the changes in the incidence of adverse health impacts resulting from
changs in human exposure tzone andPMz 5. We use the environmental Benefits Mapping
and Analysis Prograrh Community Edition (BenMARCE) (version 1.1) to systematize health
impact analyses by applying a database of key input parameters, including population
projections, health impact functions, and valuation functicf& EPA 2016). For this
assessment, the HIA is limited to those health effects that are directly linked to amabiest
andPMzsconcentrationsTable ES3 provides national summaries of tieeluctions in estimated
health incidences associated with the final CSAPR EGWd®0One season emission budgets

and for more and less stringent alternatives for 2017.
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Table ES-3. Summary of Avoided Health Incidences from Ozondrelatedand PM2 s-
Related Benefits for the CSAPR Update and More and Less Stringent
Alternatives for 2017

More Less
CSAPR Stringent Stringent
Ozonerelated Health Effects Update Alternative Alternative
Avoided Premature Mortality
Smithet al.(2009) (all ages) 21 23 9
Zanobetti and Schwartz (2008) (all ages) 60 65 26
Avoided Morbidity
Hospital admissiorgs respiratory causes (ages > 65) 59 64 26
Emergency room visits for asthma (all ages) 240 250 100
Asthma exacerbation (agesl8) 67,000 73,000 30,000
Minor restrictedactivity days (ages 185) 170,000 180,000 75,000
School loss days (agesl%) 56,000 60,000 25,000
PM:zsrelated Health Effects
Avoided Premature Mortality
Krewskiet al.(2009) (adult) 10 11 3.7
Lepeuleet al.(2012) (adult) 23 25 8.4
Woodruffet al.(1997)(infant) <1 <1 <1
Avoided Morbidity
Emergency department visits for asthma (all ages) 6.1 6.5 2.2
Acute bronchitis (agei@ 2) 15 15 5.2
Lower respiratornsymptoms (ageiil4) 180 190 67
Upper respiratory symptoms (asthmatics agel9 260 280 95
Minor restrictedactivity days (age Ii&%5) 7,500 7,900 2,700
Lost work days (age 185) 1,300 1,300 450
Asthma exacerbation (agé1B) 270 290 98
Hospitaladmissiond respiratory (all ages) 2.8 2.9 1.0
Hospital admissiors cardiovascular (age £8) 3.8 4.0 1.4
Non-Fatal Heart Attacks (age >18)
Peterset al.(2001) 12 13 4.3
Pooled estimate of 4 studies 1.3 1.4 0.46

* All estimates are rounded to whole numbers with two significant figurebe@efits for ozone are based on ozone
season NOx emissions. In general, th& @&rcentile confidence interval for the health impact function alone ranges
from approximately +30 peroéfor mortality incidence based on Krewskial.(2009) and £46 percent based on
Lepeuleet al.(2012).The confidence intervals around the ozone mortality estimates are on the ard&€ pércent
depending on the concentraticesponse function used.

There may be other indirect health impacts associated with reducing emissions, such as
occupational health exposures. We refer the read@hapter 5 of this RIA, as well &sthe
Ozone NAAQS RIA(.S. EPA, 201B6) andPM NAAQS RIA (U.S. EPA, 2012a) fonore

information regarding the epidemiology studies and risk coefficients applied in this analysis
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Co-benefits of the CSAPRIpdate come from reduciregmissionf CO,. Chapter 5 of this
RIA provides a brief overview of the 2009 Endangerment Finding lmdte science
assessments released since then. Chapter 5 also provides information regarding the economic
valuation of CQ using the social cost of carbon (&£»), a metric that estimates the monetary

value of impacts associated with marginal chang€nemissions in a given year.

ES.5.2Combined Health Benefits and Climate-Benefits Estimates

In this analysis we were able to monetize the estimated benefits associated with the
reduced exposure to ozoardPM. sand cebenefits of @écreased emission$ CO,.
Specifically, we estimated combinationshefalthbenefits at discount rates of 3 percent and 7
percent (as r ec o @GuadelmesédPreparingtEtoeomiE RAlYEESS.
EPA, 2014] CiauladA-4Q0NB 62603])andclimateco-benefitsusing four SECO;
estimates (the average €I, ateach of threeliscount rate$ 5 percent, 3 percent, 2.5
percend andthe 95" percentileSG-CO; at 3 percentis recommended the current SECO;
technical support document{D) [U.S. EPA, 2015¢ see Chapter 5 of this RIA for more
details). In this analysiwe were unable to monetize thelsenefits associated with reducing
exposure to N@ as well as ecosystem effects and visibility impairnassbciated with

reductions in NQ.

TableES-3 reportghe ozone and PM2£elated benefits for the CSAPR Update and the
more and less stringent alternatives for the 2017 analysisB@drprovides the combined
health anclimate benefitfor the CSAPR Updatand for more and lesdringent alternatives
for the 2017 analysis yedn the table, ranges within the total benefits rows reflect multiple

studies upon which the estimates of premature mortality were derived.
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Table ES-3. Summary of Estimated Monetized Health Benefits for th&€€CSAPR Update
and More and Less Stringent Alternatives Regulatory Control Alternatives for
2017 (millions of 20119%) *

Pollutant More Strirjgent Less Striljgent
CSAPR Update Alternative Alternative

NOx (as Ozone) $370 to $610 $400 to $650 $160 to $270
NOX (as PMs) 3% Digcount Rate $93 to $210 $98 to $220 $34 to $75
' 7% Discount Rate $83 to $190 $88 to $200 $30 to $67

Total 3% Discount Rate $460 to $810 $500 to $870 $200 to $340

7% Discount Rate $450 to $790 $490 to $850 $190 to $330

* All estimates are rounded to two significant figures so numbers may not sum down collvahgalth benefits
rangeis based on adult mortality functions (e.g., from Krewski et al. (2009) with Smith et al. (2009) to Lepeule et al.
(2012) with Zanobettirad Schwartz (2008)X'he estimated monetized-b@nefits do not include reduced health
effects from direct exposure to N@cosystem effecty visibility impairment. All fine particles are assumed to
have equivalent health effectthe CSAPR Update values, the more and less stringent alternatives were all
calculated using benefits per ton approaciithe monetized cbenefits incorporate the conversion from precursor
emissions to ambient fine particles and oz@enefits for ozonare based on ozone seasonNissics.Ozone
benefits occur in analysis year, so they are the same for all discounPitedenefitsare based on annual NOx
emissions and the nitratmly fraction of PM:s. In general, theonfidence intervals arodrthe ozone mortality
estimates are on the order80 percent depending on the concentrati@sponse function used. TA8"

percentile confidence interval for monetized RBMenefits ranges from approximateB0 percent to +180 percent
of the centrhestimates based on Krewsdtial.(2009) and Lepeulet al.(2012).
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Table ES-4. Combined Health Benefits and Climate CeBenefits for the CSAPR Update
and More and Less Stringent Alternatives for2017 (millions of 2011$)*

SC-CO2 Discount Rate*

Health and Climate Benefits

3%

(Discount Rate Applied to Health CeBenefits)

7%

Climate Co-
Benefits Only

CSAPR Update

5% $480 to $830 $470 to $810 $19

3% $530 to $880 $520 to $860 $66

2.5% $560 to $910 $550 to $890 $100
3% (98" percentile) $650 to $1,000 $640 to $980 $190
More Stringent Alternative

5% $490 to $840 $480 to $820 $25

3% $550 to $900 $540 to $880 $87

2.5% $590 to $940 $580 to $920 $130
3% (95" percentile) $710 to $1,100 $700 to $1,000 $250
Less Stringent Alternative

5% $480 to $830 $470 to $810 $15

3% $510 to $860 $500 to $840 $54

2.5% $540 to $890 $530 to $870 $81

3% (95" percentile) $610 to $960 $600 to $940 $150

*All estimates are rounded to two significant figures. Climate benefits are based on redndB@&missions.
Healthbenefits are based on bengférton estimatesBenefits for ozone are based on ozone season NOx

emissions. Ozone benefits occur in analysis year, so they are the same for all discount rates. The health benefits
reflect the sum othe ozone benefisndPM. s co-benefits and reflect the range based on adult mortality functions
(e.g., from Krewsket al.(2009) with Smithet al.(2009) to Lepeulet al.(2012) with Zanobetti and Schwartz

(2008)). The monetized health benefits doinotlude reduced health effects from direct exposure te &Qvell as
ecosystem effecndvisibility impairmentassociated with reductions in NO*As discussed in section 5.3)¢

SG-CO; estimates are calculated with four differgalues of a one mét ton reduction

Table ES5 summarizes the national monetized ozmelated and PMelated health
benefits estimated to occur for the CSAPR Update and two regulatory control alternatives for the
2017 analysis year using discount rates of 3 pefcenifatal heart attacks quantified using
Peters et al. (2001)) and 7 percent @fatal heart attacks quantified using a pooled estimate that
includes Pope et al. (2006)).
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Table ES5. Summary of Estimated Monetized Health Benefits for th&€€CSAPR Update
and More and Less Stringent Alternatives Regulatory Control Alternatives for
2017 (millions of 20119%) *

Pollutant More Strirjgent Less Striljgent
CSAPR Update Alternative Alternative

NOx (as Ozone) $370 to $610 $400 to $650 $160 to $270
NOX (as PMs) 3% Digcount Rate $93 to $210 $98 to $220 $34 to $75
' 7% Discount Rate $83 to $190 $88 to $200 $30 to $67

Total 3% Discount Rate $460 to $810 $500 to $870 $200 to $340

7% Discount Rate $450 to $790 $490 to $850 $190 to $330

* All estimates are rounded t@o significant figures so numbers may not sum down columns. The health benefits
range is based on adult mortality functions (e.g., from Krewski et al. (2009) with Smith et al. (2009) to Lepeule et al.
(2012) with Zanobetti and Schwartz (2008)). The edtihanonetized ctenefits do not include reduced health

effects from direct exposure to N@cosystem effects, or visibility impairment. All fine particles are assumed to

have equivalent health effects, but the bermditton estimates vary depending e location and magnitude of

their impact on PMislevels, which drive population exposure. The CSAPR Update values, the more and less
stringent alternatives were all calculated using the benefits per ton approach based on the final modeling scenario.
The monetized cenefits incorporate the conversion from precursor emissions to ambient fine particles and ozone.
Benefits for ozone are based on ozone seasonedtissions. Ozone doenefits occur in analysis year, so they are

the same for all discount est. and are based on annual NOx emissions and the-oitdgitéraction of PMss. In

general, the 95percentile confidence interval for monetized RMenefits ranges from approximate80 percent

to +180 percent of the central estimates based on Krewal.(2009) and Lepeulet al.(2012). The confidence

intervals around the ozone mortality estimates are on the order of + 60 percent depending on the concentration
response function used.

ES.5.3Unquantified Health and Welfare c@enefits

Themonetzedhealthco-benefits estimated in this RIA reflect a subset ebeanefits
attributable to the health effect reductions associated with ambient fine particles. Data, time, and
resource limitations prevented the EPA from quantifying the impacts to, atiziog the ce
benefits from several important benefit categories, includidgcedexposure to Ng) as well as
ecosystem effects, amdducedvisibility impairmentfrom reduced N@ emissions. These
benefits were unable to be quantifehae to the abserof air quality modeling data for these
pollutants. This does not imply that there are ntepefits associated witthangesn exposures
to NO: or changes in ecosystem effects and visibility impairments from NOx reduitteon
identified co-benefits ardisted in Table ES below, and discussed more fully in Chapter 5 of
this RIA.

Table ES-6. Unquantified Health and Welfare Co-benefits Categories

Effect Has Effect Has
Category Specific Effect Been Been More Information
Quantified Monetized

ImprovedHuman Health
Asthma hospital admissions (all ages) o) o] NO2 ISAL
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Effect Has Effect Has

Category Specific Effect Been Been More Information
Quantified Monetized
gg)ronlc lung disease hospital admissions (age 5 5 NOs ISAL
sgeessp)lratory emergency department visits (all 5 5 NO; ISAL
Reduced incidence of  Asthma exacerbation (asthmatics aige8) o) 0 NOz ISA?
gol\rltg?lty from exposure Acute respiratory symptoms (ageld) 4 o] NO: ISA?
Premature mortality ) 0 NOz ISAL23
Other respiratory effects (e.g., airway
hyperresponsiveness and inflammation, lung o) o} NO: ISA23
function, other ages amgbpulations)
Improved Environment
Reduced visibility Visibility in Class 1 areas o) o] PM ISAL
impairment Visibility in residential areas ] d PM ISA!
™ 1,2
Reduced effects on Housghold soiling _ o} o} PM ISA
materials Materials damagée.qg., corrosion, increased 5 5 PM ISA?
wear)
Reduced effects from P\
deposition (metals and  Effects on Individual organisms and ecosysten o} o} PM ISA?
organics)
Visible foliar injury onvegetation o} o} Ozone ISA
Reduced vegetation growth and reproduction o} o} Ozone ISA
Yield and quality of commercial forest products 5 5 Ozone ISA
and crops
Reduced vegetation and Damage to urban c.>rna_mental plf':mts d o] Ozone ISA
ecosystem effects from _Carbon sequestration in terrestegbsystems o} o} Ozone ISA
exposure to ozone Recreational demand associated with forest 5 5 Ozone ISR
aesthetics
Other noruse effects Ozone ISA
Ecosystem functions (e.g., water cycling,
biogeochemical cycles, net primary productivit 0 o] Ozone ISA
leafgas exchange, communitpmposition)
Recreational fishing o) 0 NOx SO« ISA?
Tree mortality and decline 8 o NOx SO« ISA?
Commercial fishing and forestry effects 0 o] NOx SO« ISA?
Reduced effects from  “Recreational demand in terrestrial amliatic
acid deposition ecosystems 0 0 NOx SO« ISA?
Other noruse effects NOx SO« ISA?
Ecosystem functions (e.g., biogeochemical 5 5 NOx SO ISA2
cycles)
Species composition and biodiversity in terrest 5 5 NO SO ISA2
and estuarinecosystems
Coastal eutrophication 0 o] NOx SO« ISA?
Red_uced ef'_fects from  Recreational demand in terrestrial and estuarir 5 5 NOx SO ISAZ
nutrient enrichment ecosystems
Other noruse effects NOx SO« ISA?
Ecosystt_am functlo_ns (e.g., biogeochemical 5 5 NOx SO ISA2
cycles, fire regulation)
Reduced vegetation
effects from ambient ) )
Injury to vegetation from NQexposure 0 o] NOx SO« ISA?

exposure to NO
1We assess these-benefits qualitatively due to data and resource limitations for this IRb&e information is contained in the
integrated science assessments (ISAs) for the proposed or final NAAQS standards cited.
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2We assess these-benefits qualitatively because we do not have sufficient confidence in available data or methods.
3We assesthese cebenefits qualitatively because current evidence is only suggestive of causality or there are other significant
concerns over the strength of the association.

ES.5 Results of BenefitCost Analysis

Below in Table ES/, we present the primary costsd benefits estimates for 201Net
benefits are also presenteeflecing the benefits of implementing the EGU N@mission
budgets for the affected 22 states via the final FIPs, minus the cestsi@fingthose emissions

reductions.

The guidelines bOMB Circular A-4 require providing comparisons of social costs and
social benefits at discount rates of 3 and 7 percentfotinelifferent uses of discounting in the
RIA T (i) construction of annualized cos(8) adjusting the value of mortality ridhr lags in
mortality risk decreases, (iii) adjusting the cost of iliness forfatad heart attacks to adjust for
lags in follow up costsand (iv) discounting climate doenefitsi are all appropriate. We explain
our discounting of benefits in Chapteobthe RIA, specifically the application of discount rates
of 3 and 7 percent to PMrelated cebenefits and 2.5, 3, and 5 percent to climatbeoefits;
we explain our discounting of costs, in which we use a single discount rate of 4.77 percent, in
Chapter 4. Our estimates of net benefigresenthe net value (in 2017) of benefits attributable
to emission reductions needed to implement the Bifission budgets for each state.
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Table ES7. Total Costs, Total Monetized Benefits, and Net Benefits of the CSAPR
Update and More and Less Stringent Alternativesn 2017 for U.S. (millions of

2011$)"b"‘"d
More Stringent Less Stringent
Alternative Alternative
CSAPR Update Alternative

Climate Co-Benefits $66 $87 $54
Air Quality Health Benefits $460 to $810 $500 to $870 $200 to $340
Total Benefits $530 to $880 $580 to $960 $250 to $400
Annualized Compliance $68 $82 $8
Costs
Net Benefits $460 to $810 $500 to $880 $240 to $390

Non-Monetized Benefits Non-monetizecclimate benefits
Reductions in exposure to ambient Nedd SQ
Ecosystem benefits assoc. with reductions in emissions of NOx

a Estimating multiple years of costs and benefitgigted for this RIAby data and resource limitations. As a result,
we providecompliance costs and social benefits in 2Qising the best available information to approximate
compliancecosts and social benefits recognizing uncertainties and limitations in those estimates.

b Benefits ranges represent discounting of health benefits and ctmbenefits at discount ratef 3 percentSee
Chapter5 for additional detail and explanatiofhe costs presented in this table reflect compliance aostslized

at a 4.77 percentgtount rate ando notinclude monitoring, recordkeeping, and reporting gostsch are reported
separatelySee Chapter 4 for additional detail and explanation.

¢All costs and benefits are rounded to two significant figures; columns may not appddrdorrectly.

4 0zoneand PM2.%enefitsirom NOx emission reductionare for the 2tate region only.

ZNonmonetized benefits descriptions are for all three alternatives and are qualitative.

ES.6 Analytical Changes Subsequent to the Proposal

Costs

The EPA6s I PM modeling platform used to an
version used to analyze the CSAPR Update proposal, and incorporates minor updates made
primarily in response to comments receivecaarAugust 4, 2015 Notice of Data Awaility

andthe proposed rule.

Unli ke the modeling for the proposed rul e,

issuance oEME Homer City I/ the base caséor the final ruleaccounts for compliance with

1n EME Homer City I the D.C. Circuit declared invalid the CSAPR phase 2 N£bne season emission budgets

of 11 statesFlorida, Maryland, New Jersey, New York, North Carolina, Ohio, Pennsylvania, South Carolina, Texas,
Virginia, and West Virginiald. 795 F.3d at 1280, 138. The court remanded those budgets to the EPA for
reconsiderationd. at 138. As a resulthe EFA removed the original CSAPR phase 2 N&@one season emission
budgets as constraints for these 11 states in the 2017 IPM modeling.
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the original CSAPR by including asnstraints all original CSAPR emission budgets with the
exception of remanded phase 2 N@xone season emission budgets for 11 states and phase 2
NOx ozone season emission budgets for four additional states that were finalized in the original
CSAPR supplmental rulet®> Additionally, the Clean Power Plan (CPP) is not included in this
analysis. The base case results also reflect the recent Pennsylvania ResQiFes EGU NCOx

reductions starting on January 1, 20Fo6r further discussion, see Chapter 4 of this RIA

Benefits

We modified our approach for estimating ozone and $idlated benefits between the
proposed and final rule. First, we calculated new ozone and B&mefit per ton estimates using
the resultof an updated air quality modeling scenario. These air quality modeling predictions
more closely represent the selected policy option than the proposal modeling, but did not account
for either thefinal emissions budgets the Pennsylvania RACT rul&hus, the air quality
modeling scenario simulated a larger leveN@ix emission reductions thane final policy
option implemented Consequentlywe applied ozone and RNbenefitperton valueto
guantify the benefits of thignal policy optionand moreand less stringent alternative options.

Second, when estimating the Pitelated benefits for the final CSAPR rule we use a
benefitperton value calculated using a nitragttributable PMs benefitperton estimate; the
proposal analysis used a toRdVlz s benefit perton-value. The EPA determined that,
considering the final CSAPR Update Rule illustrative emissions modeling results, using total
PM2 s would incorrectly additionally account for the benefits of reduced sulfate and directly

emitted PM s benefits, which the illustrative emissions modeling does not anticipate occurring.

Third, in this final rulethe EPA estimatedhe benefits from théNOx emission reductions
only for the CSAPRstateswhereas the proposed rule estimate national befrefitsreductions

in NOx. Theapproachaken in the final ruléikely underestimatgtotal benefits to the extent that

5 The EPA acknowledges that the CSAPRNf20ne season emission budgets for lowa, Michigan, Oklahoma, and
Wisconsin-- which were finalized in the original CSAPR Supplemental Rule (76 FR 80760, December 27;-2011)

were | inked to the same r ecept oyxogondshasdn enissiandbudgetsint he r e m:

EME Homer City II.
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downwind states in New England and certain Southeast states wouldriketywed air quality

from this rule.
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CHAPTER 1: INTRODUCTION AND BAC KGROUND

Introduction

TheEPA is finalizing this Cros$tate Air Pollution Rule Update (CSAPR Update) to
address interstate transport of emissions of nitrogen oxides) @(R& contribute significantly to
nonattainment or interfere with maintenance of the 2008 Ozone National ArAlni€uality
Standard (NAAQS) in downwind states. The primary purpose of the CSAPR Update is to
address interstate air quality problems with respect to the 2008 ozone NAAQS. However, the
CSAPR Update is also intende2B 2016 remancdgbcemach t o t
CSAPR NG ozone season emission budgets to the EPA for reconsideration. This Regulatory
Impact Analysis (RIA) presents the health and welfare benefits of the CSAPR Update, and
compares the benefits of the CSAPR Update to theatd costs of implementing the rule in
2017. This RIA also reports certain other impacts of the CSAPR Update, such as its effect on
employment and energy prices. This chapter contains background information regarding the
CSAPR Update and an outline of ttteapters of this RIA.

1.1  Background

The purpose of this rulemaking is to protect public health and welfare by reducing
interstate emission transport that significantly contributes to nonattainment, or interferes with
maintenance, of the 2008 ozone NAAQS in the eastern U.S. Gleugidbzonecauses a variety
of negative effects on human health, vegetation, and ecosystems. In humans, acute and chronic
exposure to ozone is associated with premature mortality and a number of morbidity effects,
such as asthma exacerbation. Ozone exposure cameglgtively impact ecosystems, for
example, by limiting tree growth. Studies have established that ozone occurs on a regional scale
(i.e., hundreds of miles) over much of the eastern U.S., with elevated concentrations occurring in
rural as well as metroptdn areasThe 2008 ozone NAAQS is anl®ur standard that was set at
75 parts per billion (ppbBee73 FR 16436 (March 27, 280

CleanAi r Act (CAA or the Act) section 110(a)(
neighboo provision, requires statés prohibit emissions that will contribute significantly to

nonattainment in, or interfere with maintenance by, any other state with respect to any primary or
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secondary NAAQS® The EPA promulgated the originalrossStateAir Pollution Rule (original
CSAPR onAugust 8 20117 to addressnterstate transport fahe 19970zone NAAQS and the
1997 and 2006€ine Particulate matter (Pik) NAAQS 18 (See section IIl.A.1.of the preamble to
the CSAPR Updattor a discussion of CSAPR litigation and implementadion

As described in the preamble for BSAPR UpdateCSAPRprovides a 4step
framework foraddresmg the requirements of the good neighbor provisammzone or PMs
standards(1) identifying downwind receptors that are expected to have prolalgansing or
maintaining clean air standards (i.e., NAAQS); (2) determining which upwind states contribute
to these problems in amounts sufficient to Al
for states linked to downwind air quality problenagntifying upwind emissions that
significantly contribute to nonattainment or interfere with maintenance; and (4) for states that are
found to have emissions that significantly contribute to nonattainment or interfere with
maintenance of the NAAQS downvdnreducing the identified upwind N@missionssia
regional allowance trading programi the CSAPR Updatehe EPAappliesthis 4step
frameworkto update CSAPR with respect to the 2008 ozone NAA®QB22 eastern statesid
CSAPR Update finalizeslectric generating unit (EGU) NCemission budgets representing the
guantity of remaining EGU Nfemissions after reducing those amounts that significantly
contribute to downwind nonattainment or interfere with maintenance of the 2008 ozone NAAQS
in an aveage yeal? The CSAPR Update finalizes FIPs for each of the 22 states that require
affected EGUSs to participate in the CSAPR:N&2one season allowance trading program
subject to these emission budgdiere details on the methods and results of applyiigy th

framework can be found in the preamble for this CSAPR Update and in Chapter 4 of this RIA.

%The EPA uses tomaudetre Disict df Edlusnbiseirstiiis RIA
17See76 FR 48208August § 2011)

18 CSAPR did not evaluateansport obligations fahe 2008 ozone standard because the 2008 ozone NAAQS was
under reconsideration during the analytic work@G&APR

19 For example, assuming no abnormal variation in electricity supply due to events such as abnormal meteorology.



1.2.1 Role of Executive Orders in the Regulatory Impact Analysis

Several statutes and executive orders apply to any public docuDeetatinanalyses
required bythese statutes and executive orders are presented in d€thdpiterd, andall are
discussedn the preamble to the CSAPR Update. Below, we briefly discuss the requirements of
Executive Orders 12866 and 13563 and the guidelines of the Office of Magraigeamd Budget
(OMB) Circular A4 (U.S. OMB, 2003).

In accordance with Executive Orders 12866 and 13563 and the guidelines of OMB
Circular A4, the RIA analyzes the benefits and costs associated with emission reductions for
compliance with the CSAPR UpdatOMB Circular A4 requires analysis @it leasbne
potential alternative standard level more stringent than the CSAPR Update and one less stringent
than the CSAPR Update. This RIA evaluates the benefits, costs, and certain impacts of a more

and a less stringent alternative to the CSAPR Update.

1.2.2 lllustrative Nature of this Analysis

For the 22 CSAPR Update statdsstrule finalizeEEGU NOx emission budgets and
finalizes FIPs that require affected EGUs to participate in the CSARRoki@e season
allowance trading program subject to these emidsimlyetsThe EGU emission budgets
assessed in this RIA are illustrative of those that the EPA is finalizing. Further, implementation
via the CSAPR N@ ozone season allowance trading program provides utilities with the
flexibility to determine their own aupliance path. This RIA develops and analyzes one possible
scenario for compliance with the illustrative EGU NOx emission budgets and possible scenarios

for EGU compliance with more and less stringent alternatives.

1.2.3 The Need for Air Quality or Emissie Standards

OMB Circular A4 indicates that one of the reasons a regulation may be issued is to
address a market failure. The major types of market failure include: externalities, market power,
and inadequate or asymmetric information. Correcting méakates is one reason for
regulation; it is not the only reason. Other possible justifications include improving the function

of government, correcting distributional unfairness, or securing privacy or personal freedom.



Environmental problems are classiamples of externalitied§suncompensated benefits
or costs imposed on another party as a result
factory may adversely affect the health of local residents and soil the property in nearby
neighborhoods. Paltion emitted in one state may be transported across state lines and affect air
guality in a neighboring state. If bargaining were costless and all property rights were well
defined, people would eliminate externalities through bargaining without thdareed

government regulation.

From an economics perspective, setting an emissions standard (i.e., EGiz 0@
season emission budgets in this CSAPR Update) is a remedy to address an externality in which
firms emit pollutants, resulting in health and enmit@ental problems without compensation for
those incurring the problems. Setting the emissions standard attempts to incentivize those who
emit the pollutants to reduce their emissions, which lessens the impact on those who suffer the

health and environmertaroblems from higher levels of pollution.

1.2  Overview and Designof the RIA
1.2.1 Methodology for Identifying Required Reductions

Application of the first two steps of the CSAPR framework (described above) with
respect to the 2008 ozone NAAQS provities analytic basis for finding that ozone season
emissions in 22 eastern st&feaffect the ability of downwind states to attain and maintain the

2008 ozone NAAQS. Figure-l shows the covered states.

20 Alabama, Arkansas, lllinois, Indiana, lowa, Kansas, Kentucky, Louisiana, Maryland, Michigan, Mississippi,
Missouri, New Jersey, New York, Ohi@klahoma, Pennsylvania, Tennessee, Texas, Virginia, West Virginia, and
Wisconsin.



l:l States covered by the Cross-State Air Pollution Update Rule (22 states)

Figure 1-1. StatesCovered by the CrossState Air Pollution Rule Update

Applying Step 3 of the4tep framework, the CSAPR Update quantif€sU NOx
emi ssion budgets for these 22 xoaocpdseasom st at es.
emission budget represents the quantity of remaining EGJéx@issions fier reducing those
emissions that significantly contribute to downwind nonattainment or interfere with maintenance
of the 2008 Ozone NAAQS in an average Yédihese updated CSAPR N@missions budgets
were developed considering EGU Neductions that are achievable for the 2017 ozone
seasorf? In calculating these budgetse EPA appliedhe CSAPRmulti-factor test to evaluate
cost, available emission reductions, and downwind air quality impacts to determine the
appropriate level of ufarm NOx control stringency that addresses the impacts of interstate

transport on downwind nonattainment or maintenance receptors. The EPA is fina(&ihg

2 For example, assuming no abnormal variation in electricity supply due to events such as abnormal meteorology.

22 Non-EGU NOx emission control measures and reductions are not included in this CSAPR Update.



NOx ozoneseason emission budgeksveloped usingniform control stringency represented by
$1,400per ton control cost®011$) Applying Step 4 of the-4tep framework, the EPA is

finalizing FIPs for each of the 22 states that require affected EGUs to participate in the CSAPR
NOx ozone season allowance trading program subject to the final emissgetfud

For this RIA, in order to implement the OMB Circulardrequirement to asseasleast
one less stringent and one more stringent alternati@eutemakingthe EPA is also analyzing
EGU NOx ozone season emission budgets developed using unitrmokstringency
represented by $800 per ton (2011$) and emission budgets developed using uniform control

stringency represented by $3,400 per ton (2011%$).

1.2.2 States Covered by the CSAPR Update

For the 22 states affected by one of the FIPs finalizéde CSAPR Update, the EPA is
promulgating new FIPs with lower EGU N@zone season emission budgets to reduce
interstate transport for the 2008 ozone NAAQ@Sthe 22 CSAPR Update states, 21 stdtes
have original CSAPR N©ozone season FIP requiremewtth respect to the 1997 ozone
NAAQS. One state, KansaBasnewly addedCSAPRNOx ozoneseasorcompliance
requiremerg under thisSCSAPR UpdateOne state for which the EPA proposed a FIP in the
proposed CSAPR Update rule, North Carolina, was found ifirthleair quality modeling not to
be linked to any downwind nonattainment or maintenance receptors. Therefore, the EPA is not

finalizing a FIP fo North Carolina

1.2.3 Regulated Entities

The CSAPR Update affects fossil fifebd EGUs in these 22 eagstestates which are
classified as code 221112 by the North American Industry Classification System (NAICS) and

have a nameplate capacity of greater than 25 megawatts (MWe).

23 Alabama, Arkansas, lllinois, Indiana, lowa, Kentucky, Louisiana, Maryland, Michigan, Mississippi, Missouri,
New Jersey, New York, Ohio, Oklahoma, Pennsylvania, Tennebseas, Virginia, West Virginia, and Wisconsin.

1-6



1.2.4 Baseline and Analysis Year

As described in the preamblagtEPAaligns implenentation of the CSAPR Updatath
relevant attainment dates for the 2008 ozone NAA®Ssistent with he D. C. Circuito
North Carolinav. EP&* The EPAOSs forieNAAQS 3IP Re§uirénents Rule
establishedhe attainment deadlira July 20, 2018 for ozone nonattainment areas currently
designated alloderate®®> Becauseghe attainment datialls during the 2018 ozone season, the
2017 ozone season will be the last full season from which data can be used to determine
attainment of the NAAQSybthe July20,2018 attainment dat@hereforethe EPAhas
identified achievablaupwind emissiorreductions andlignedimplementatiorof these

reductions, to the extent possible, for the 2017 ozone season.

The CSAPR Update sets forth the requirementstiies to reduce their significant
contribution to downwind nonattainment and interference with mainterwdribe 2008 ozone
NAAQS. To develop and evaluate control strategies for addressing these obligations, it is
important to first establish a baselipmjection of air quality in the analysis year of 2017, taking
into account currently ethe-books Federal regulations, substantial Federal regulatory CSAPR
updates, enforcement actions, state regulations, population, and where possible, economic
growth. Establishing this baseline for the analysis then allows us to estimate the incremental
costs and benefits of the additional emissions reductions that will be achieved by the CSAPR
Update. Furthermore, the analysis in this RIA focuses on benefits, costertaid impacts in
2017. Certain impacts in 2020, such as forecast emissions changes from the electricity sector, are
also reported in this RIA. The results from the analysis in support of the CSAPR Update that are
reported in this RIA are limited to thee$wo analysis years. Other regulatory actions, including
the 2015 ozone NAAQS and the Clean Power Plan (CPP), are expected to have a growing
influence on the power sector in later years, as explained below. For this reason, the EPA expects
that mostofte CSAPR Updatebés influence on emissions
and 2020.

24531 F.3d 896, 9112 (D.C. Cir. 2008) (holding that EP#houldcoordinate interstate transport compliance
deadlines with downwind attainment deadlines).

25This deadline isn accordance with the D.C. Circéiis d e cNR®C v BPAT7% F.3d 456, 469 (D.C. Cir.
2014).



EPA limits its analysis to this timeframe considering thmaOwztober 1, 2015, the EPA
strengthened the grouttelvel ozone NAAQS to 70 ppls discussed in the RIA for tHmal
2015 ozone NAAQS, it iassumd that potential nonattainment areas everywhere in the U.S.,
excluding California, will be designated such that they are required to attain the revised standard
by 2025. Furthermore,lie EPA is mindful of the need to address ozone transport for the 2015
ozone NAAQSAs discussed in the memo to EPA Regional Administratorglementing the
2015 Ozone National Ambient Air Quality Standardgplementation of the good neighbor
provision fa the 2015 ozone NAAQS maye the CSAPRframework Given the statutory
implementation timeline of good neighbor requirements with respect to the 2015 ozone NAAQS,
the EPA anticipates that further actions to reduce interstate emission transport relateteto
pollution could take place in the near futéteTherefore, it is appropriate to evaluate the costs
of the regulatory control alternatives over the 2Q2020 timeframe.

For the reasons discussed in section V.B of the preamble, we have exclugGéiPthe
from the base case modeling for this ruldne EPA does not anticipate significant interactions
with the CPP and the netarm ozone season EGU N®mission reduction requirements under
the CSAPR Updat&ee sections V.B andll.F of the preamble foiurther discussion.

1.2.5 Emissions Controls and Cost Analysis Approach

The EPA estimated the control strategies and compliance costs of the CSAPR Update
using the Integrated Planning Model (IPM) as well as certain costs that are estimated outside the
model, but use IPM inputs for their estimation. These cost estimates reflect costs incurred by the
power sector, and include (but are not limited to) the costs of turning on existingas@ol
technology, fully operating existing NC@ontrol technology, grchasing, installing, and
operating NQ control technology, changes in fuel costs, and changes in the generation mix. A
description of the methodologies used to estimate the costs and economic impacts to the power

sector is contained i@Bhapter 4 of thiRRIA.

26 See preamble section VII.



1.2.6 Benefits Analysis Approach

The EPA estimated human health benefits (i.e., mortality and morbidity effects)

considering an array of health impacts attributable to changes in exposure to ozone and fine

particulate matter (Pb%k) from NOx redudbns We estimated these benefits using bepit
ton estimates derived from the BenMAP tool. The EPA also estimated the climazgaeafis of

the CSAPR Update. A description of the methodologies used to estimate the human health and

climate benefits isontained inrChapter 5 of this RIA. In additioiGhapter 5 contains a

discussion of welfare ebenefits, such as ecosystem benefits from reduced nitrogen deposition.

1.3

Organization of the Regulatory Impact Analysis

This RIA is organized into the follanwg remaining chapters:

Chapter 2: Electric Power Sector Profil€his chapter describes the electric power sector
in detalil.

Chapter3: Emissions and\ir Quality Modeling ImpactsThe data, tools, and

methodology used for the air quality modeling described in this chapter, as well as the
postprocessing techniques used to produce a number of air quality metrics for input into
the analysis of benefits and costs.

Chapter4: Costs The chapter summarizes the data sources and methodology used to
estimde the costs incurred by the power seet®ivell as changes in electricity and fuel
prices

Chapter5: Benefits The chapter quantifies the heatthatedand climatébenefits of the
ozonerelated air quality improvements associated with the ttagealabry control
alternative analyzed.

Chapter6: Economic ImpactsThe chapter summarizes the data sources and
methodology used to estimdtee economic impaciacluding employment impacts and
impacts on small entities

Chapter7: Comparison of Benefits ari€bsts The chapter compares estimates of the
total benefits with total costs and summarizes the net benefits of the three alternative
regulaory control scenarios analyzed.




CHAPTER 2: ELECTRIC POWER SECTOR PROFILE

Overview

This chapter discusses I mportant fnslpect s
action to update CSAPR with respecthe interstate transport of emissions of nitrogen oxides
(NOx) that contribute significantly to nonattainmenmtinterfere withmaintenancef the 2008
ozone NAAQSn downwind states. This chapter describes types of existing prector
sources affected by thproposedegulation, and provides background on the power sector and
electricity generating units (EGUdp addition, this chapter provides some historical
background on trends in the past decade in the power sector, as well as about existing EPA

regulation of the power sector.

2.1 Background

In the past decade there have been significant structural chianigeth the mix of
generating capacity and in the share of electricity generation supplied by different types of
generation. These changes are the result of multiple factors in the power sector, including normal
replacements of older generating unitswiew units, changes in the electricity intensity of the
U.S. economy, growth and regional changes in th@& population, technological improvements
in electricity generation from both existing and new units, changée iprices and availability
of different fuels, and substantial growth in electricity generation by renewable and
unconventional methods. Many of these trends will continue to contribute to the evolution of the
power sector. The evolving economics of the power sector, in particular teasadrnatural gas
supply and subsequent relatively low natural gas prices, have resulted in more gas being utilized
as base load energy in addition to supplying electricity during peak load. This chapter presents
data on the evoluin of the power sectordm 2000through2014 Projections ofuture power
sector behavioand the impact of this rule are dissed in more detail in chapt&and 4of this
RIA.

2.2 Power Sector Overview

Theproduction and delivery of electricity to customers consists oé thisginct

segments: generation, transmission, and distribution

of



2.2.1 Generation

Electricity generation is the first process in the delivery of electricity to consumers. There
are two important aspects of electricity generation; capacity and net gengéanerating
Capacityrefers to the maximum amount of production an HE&thpable of producinig a
typical hour, typically measured in megawatts (M) individual units,or gigawatts (1 GW =
1,000 MW)for multiple EGUs Electricity Generationefersto the amount of electricity actually
produced byanEGU over some period of timeneasured in kilowattours (kwWh) or gigawatt
hours (GWh = 1 million kwWh). Net €neration is the amount of electricity that is available to the
grid from the EGU (i.e., exctliing the amount of electricity generated but used within the
generating station for operationE)ectricity generation is most often reported as the total annual
generation (or some other period, such as seastmaljdition to producing electricity faale
to the grid EGUs perform other services important to reliable electricity supply, such as
providing backup generating capacity in the event of unexpected changes in demand or
unexpected changes in the availability of other generators. Other intgetaices provided by
generators include facilitating the regulation of the voltage of supplied generation

Individual EGUs are not used to generate electricity 100 percent of the time. Individual
EGUs are periodically not needed to meet the regulay dad seasonal fluctuations of
electricity demand. Furthermore, EGUs relying on renewable resources such as wind, sunlight
and surface water to generate electricity are routinely constrained by the availability of adequate
wind, sunlight or water at diffent times of the day and season. Units are also unavailable during
routine and unanticipated outages for maintenance. These factors result in the mix of generating
capacity types available (e.g., the share of capacity of each type of EGU) being sulystantial
different than the mix of the share of total electricity produced by each type of EGU in a given

season or year

Most of the existing capacity generates electricity by creating heat to create high pressure
steam that is released to rotate turbines whicturn, create electricity. Natural gas combined
cycle (NGCC) units have two generating components operating from a single source of heat. The
first cycle is a gasired turbine, which generates electricity directly from the heat of burning
natural gasThe second cycle reuses the waste heat from the first cycle to generate steam, which

is then used to generate electricity from a steam turbine. Other EGUs generate electricity by
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using water or wind to rotate turbines, and a variety of other methoddimgldirect
photovoltaic generation also make up a small, but growing, share of the overall electricity
supply. The generating capacity includes fegl-fired units, nuclear units, and hydroelectric
and other renewable sources (see TaHl@ Table 21 also shows the comparison betwésn

generating capacity in 20@Mhd 204.

In 2014the power sector consisted of over 19,000 generating units with a total c&pacity
of 1,038 GW, an increase of 268V (or 33 percent) from the capacity in 200782GW). The
255GW increase consisted primagrivf natural gas fired EGUs (211 GW) and wind generators
(62 GW), with substantially smaller net increases and decreases in other types of generating

units.

Table 2-1.  Total Net SummerElectricity Generating Capacity by Energy Source,

2000 and 2014
2000 2014 Change Between '0@nd '14
Net Net % of
Summer Summer Capacity Total
Capacity % Total Capacity % Total % Change Capacity
Energy Source (MW) Capacity (MW) Capacity | Increase (MW) Increase
Coal 310,198 39% 295,906 29% -5% -14,293 -6%
Natural Gas 204,696 28% 415,592 40% 103% 210,896 83%
Nuclear 97,860 12% 98,569 10% 0.7% 709.3 0.3%
Hydro 97,769 11% 101,856 10% 4% 4,087 2%
Petroleum 60,710 8% 40,078 4% -34% -20,632 -8%
Wind 2,377 0.3% 64,156 6.2% | 2599% 61,779 24%
Other 8190  1.6% 19,768  1.9%| 141% 11,578 5%
Renewable
Misc 331 0.4% 1,631 0.2% 393% 1,300 0.5%
Total 782,131 100%| 1,037,556 100% 33% 255,425 100%

Note: This table presents generation capacity. Actual net generation is presented inZl'able
Source: U.S. EIAElectric Power Annual 2014, Table 4.3

2" This includes generating capacity at EGUs primarily operated to supply electricity to thedjédmbined heat
and power facilities classified as Independeni@oProducers (IPP), and excludgserating capacity at
commercial and industrial facilities thdbes not operate primarily as an E®latural Gas information in this
chapter (unless otherwise stated) reflects data for all generating units usinggegwrsithe primary fossil heat
source. This includes Combined Cycle Combustion Turliaes Turbinesteamand miscellaneous (< 1 percent)
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The 33percent increase in generating capacity is the net impact of newly built generating
units, retirements of generating units, and a variety of increases and decreases to the nameplate
capacity of individual existing units due to changes in operating eqatpotenges in emission
contmols, etc. During the period 2000 to 2Q34total 0f368 GWof new generating capacity was
built and brought online, arBD GWexisting units were retired. The overall net change in

capacity wasn increase of 288 GVés showrnn Figure2-1.

Thenewly built generating capacity was primarily natural @85(GW, which was
partially dfset by gas retirements (35 QWVind capacity was the seconddast type of new
builds (62 GW), augmented Isplar(10 GW) The overall mix of nely built and retired

capacity, along with the net effect, is shown on Figute 2

400,000

350,000 -

300,000 —:.
250,000 +— . Other

200,000 +—— m Coal

150,000 +—— m Wind & Solar

100,000 +—— Gas

50,000 1 T

0 T T 1
New Build Retirement Net Change

-50,000

Figure 2-1. National New Build and Retired Capacity (MW) by Fuel Type, 2000201428

The information in Table-2 and Figure 2 present information about the generating
capacity in the entire U.S. The CSAPR Update Rule, however, directly affects EGUs in 22
eastern states (i.e., the CSAPR 2008 Ozone Region), as discussed in Chapter 1. The share of
generating capacity from each major type of generation differs betweesAfRRC2008 Ozone

28 SourceEIA Form 860 Not visible: wind and solar retirements = 87 MW, net chaingeoal capacity =4,186
MW



Region and the rest of the U.S. (r@gion). Figure 2 shows the mix of generating capacity for

each region. In 2014, the overall capacity in the CSAPR 2008 Ozone Region is 59% of the

national total, reflecting the larger total populatinrithe region. The mix of capacity is

noticeably different in the two regions. In the CSAPR 2008 Ozone Region in 2014, coal makes

up a significantly larger share of total capacity (34 percent) than it does in the rest of the country
(20%). The shares oftural gas, however, are quite similar (40% in the CSAPR 2008 Ozone
Region and 40% in the rest of the country). T
primarily balanced by relatively more hydro, wind, and solar capacity in the rest of country

compared to the CSAPR 2008 Ozone Region.

700,000
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e
.
500,000 1 Other
m Wind & Solar
400,000 +—— e
m Hydro
300,000 m Nuclear
200,000 - Gas
m Coal
100,000 -
0 .
In Region Non-Region

Figure 2-2. Regional Differences in Generating Capacity (MW), 2014.

Source2014E1 A Form 860 Not e AOt herd includ
and mis® I-Regi ono refees wothha R2RBesC8APR-R2@0®
other states in the contiguous U.S.

petrol eum,
oeé eRsgiton

In 2014, electric generating sources produced &3r@37TWh to meet national electricity
demand, an 8 percent increase from 2@@0presented in Tab 2, almost 70 percent of
electricity in 208 was produced through the combustion of fossil fuels, primarily coal and
natural gas, with coal accounting for the largest single share. Although the share of the total
geneation from fossil fuels in 201667 percent) was only modestly smaller than the total fossil
share in 200Q71 percent), the mix of fossil fuel generation changed substantially during that
period. Coal generation declined b¥percem and petroleum generation by @8rcent, while

natura gas generation increased bhQ0Opercent. This reflects both the increase in natural gas
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capacity during that period as well as an increase in the utilization of new and existing gas EGUs
during that period. Wind generation also grew from a very smalbpat the overall total in
2000to almost 5percent of th014total.

Table 2-2.  Net Generation in 20@ and 204 (Trillion kWh = TWh)

Change Between '00 and
2000 2014 '14
Net

Net Fuel Net Fuel | Generation % Change
Generation Source| Generation Source Change in Net
(TWh) Share (TWh) Share (TWh) Generation
Coal 1,943 52% 1,569 40% -374 -19%
Natural Gas 517 16% 1,033 26% 516 100%
Nuclear 753 20% 797 20% 44 6%
Hydro 265 7% 252 6% -13 -5%
Petroleum 105 3% 28 1% =77 -73%
Wwind 5 0% 181 5% 176 3530%
Other Renewable 43 2% 66 2% 23 53%
Misc 2 0% 11 0% 9 434%
Total 3,637 100% 3,937 100% 300 8%

Source: U.S. EI&R014 Electric Power Annual, Tables 3.2 and 3.3. Columns may not sum to totals due to rounding.
Percent change based on rounded values

Coalfiredand nucl ear generating units have histc«
the portion of electricity loads which are continually present, and typically operate throughout all
hours of the year. The coal units meet the part of demanis ttedhtively constant. Although
much of the coal fleet operates as base load, there can be notable differences across various
facilities (see Table-3). For example, codlred units less than 100 megawatts (MW) in size
compose B percent of the total maber of coaffired units, but only percent of total codired
capacity. Gadired generation is better able to vary output and is the primary option used to meet
the variable portion of the electricity | oad
Ai nmedi ateo power, when there is increased de

businesses operate throughout the day or when people return home from work and run appliances
and heating/aiconditioning), versus late at night or very early in the maynivhen demand for

electricity is reduced
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Table2-3 also shows comparable data for the capacity and age distribution of natural gas
units. Compared with the fleet of coal EGUSs, the natural gas fleet of EGUs is generally smaller
and newer. While Bpercentof the coal EGU fleetapacityis over 500 MW per unipnly 8
percentbf the gas fleetapacityis greater thas00 MW per unit. Many of the largest gas units
are gadired steargenerating EGUs

Table 23.  Coal and Natural Gas Generating Units, by SizeAge, Capacity, and
Average Heat Rate in 2014

Avg. Net
Unit Size Summer Total Net Avg. Heat
Grouping % of All Avg. Capacity Summer % Total Rate
(MW) No. Units Units Age (MW) Capacity (MW)  Capacity (Btu/kWh)

COAL

07 24 130 12% 47 14 1,772 1% 12,269
2571 49 80 8% 40 36 2,919 1% 11,718
507 99 117 11% 48 73 8,545 3% 11,725
100- 149 106 10% 52 123 13,052 4% 10,926
150- 249 166 16% 48 190 31,531 11% 10,524
250- 499 197 19% 40 356 70,150 23% 10,450
500- 749 183 17% 37 606 110,952 37% 10,222
750- 999 57 5% 33 824 46,981 16% 9,952
1000- 1500 11 1% 38 1259 13,850 5% 9,644
Total Coal 1047 100% 43 286 299,753 100% 10,900
NATURAL GAS

07 24 1,990 36% 35 7 13,922 3% 13,212
2571 49 837 15% 23 40 33,488 7% 11,712
507 99 1001 18% 23 71 71,185 16% 11,999
100- 149 414 8% 21 125 51,753 11% 9,593
150- 249 1024 19% 15 176 179,952 40% 8,368
250- 499 192 3% 24 342 65,652 15% 8,935
500- 749 41 1% 35 586 24,020 5% 10,808
750- 1000 13 0.24% 38 851 11,062 2% 10,694
Total Gas 5512 100% 26 82 451,034 100% 11,419

Source: National Electric Energy Data System (NEEDS) §.5.1

Note: The average heat rate reported is the mean of the heat rate of the units in each size category (as opposed to a
generatiorAweighted or capacityeighted average heat rate.)oder heat rate indicates a higher level of fuel

efficiency. Table is limited to coalteam units in operation in 2013 or earlier, and excludes those units in NEEDS

with planned retirements in 2014 or 2015.

In terms of the age of the generating urats)ost50 percent of the total coal generating
capacity has been in service for more th@ryears, whilenearly50 percent of the natural gas
capacity has been in service less than 15 years. Figiggeésents the cumulative age
distributions of the coalral gas fleets, highlighting the pronounced differences in the ages of the
fleets of these two types of fos$ilel generating capacity. Figri-3 also includes the
distribution of generatigrwhich is similar to the distribution of capacity.
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Figure 2-3. Cumulative Distribution in 2012 of Coal and Natural Gas Electricity
Capacity and Generation, by Age

SourceeGRID 2012 (12015 release from EPA eGRID websit@igure presents data from generators that came
online between 1943 and 2012 (inclusive}Qayear period Full eGrid data includes generators that came online as
far back as 1915Full data from 1915 onward is used in calculating cumulative distributions; figure truncation at 70
years is merely to improve visibility of diagram.

Not displayedroal units (376 MW total, 1 percent of total) and gas units (62 MW, < .01 percent of total)) over 70
years old for clarity. Figure is limited to cesteam units in NEEDS v5.13 in operation in 2013 or earlier (excludes
~2,100 MW of coafired IGCC and fosil waste capacity), and excludes those units in NEEDS with planned
retirements in 2014 or 2015.

The | ocations of existing frergy®atdSyslemi t s i
(NEEDS) v.5.15 are shown in Figured2 This mapreflects generating capity expected to be
ortline at the end of 201&ndincludes planned new builds already under construction and
planned retirementsThe size of each dot corresponds with the capacity of the facility it

represents.
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Figure 2-4.  Fossil FuelFired Electricity Generating Facilities, by Size

Source: National Electricriergy Data System (NEEDS) v.5.15

Note: This map displays fossil capacityfacilities in the NEEDS v.5.15 IPM frame. NEEDS v.5ré8ects
generating capacity expectexbe online at the enaf 2018 This includes planned new builds already under
construction and planned retirements. In areas with a dense concentration of facilities, some facilities may be
obscured.

2.2.2 Transmission

Transmissions the term used to describe the bulk tfansf electricity over a network
of high voltage lines, from electric generators to substations where power is stepped down for
local distribution. In the U.S. and Canada, there are three separate interconnected networks of
high voltage transmission linéeach operating synchronously. Within each of these

transmission networks, there are multiple areas where the operation of power plants is monitored

22These three network interconnections are the Western Interconnection, comprising the western parts of both the
US and Canada (approximately the area to the west of the Rocky Mountains), the Eastern Interconnection,
comprising the eastern parts of both the and Canada (except those part of eastern Canada that are in the Quebec
Interconnection), and the Texas Interconnection (which encompasses the portion of the Texas electricity system
commonly known as the Electric Reliability Council of Texas (ERCOT8g Rap of all NERC interconnections at
http://www.nerc.com/AboutNERC/keyplayers/Documents/NERC _Interconnections_Color_072512.jpg
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and controlled by regional organizations to ensure that electricity generation and load are kept in
balarce. In some areas, the operation of the transmission system is under the control of a single
regional operatg# in others, individual utilitie¥ coordinate the operations of their generation,
transmission, and distribution systems to balance the system across their respective service

territories

2.2.3 Distribution

Distribution of electricity involves networks of lower voltage lines and substatibat
take the higher voltage power from the transmission system and step it down to lower voltage
levels to match the needs of customers. The transmission and distribution system is the classic
example of a natural monopoly, in part because it is ramtioal to have more than one set of
lines running from the electricity generating sources to substations or from substations to

residences and businesses

Overthe last few decades, several jurisdictions in the United States began restructuring the
powerindustry to separate transmission and distribution from generation, ownership, and
operation. Historically, vertically integrated utilities estaldmuch of the existing
transmission infrastructure. However, as parts of the country have restructuretlgiey,
transmission infrastructure has also been developed by transmission utilities, electric
cooperatives, and merchant transmission companies, among others. Distribution, also historically
developed by vertically integrated utilities, is now ofteanaged by a number of utilities that
purchase and sell electricity, but do not generate it. As discussed below, electricity restructuring
has focused primarily on efforts to reorganize the industry to encourage competition in the
generation segment of tiustry, including ensuring open access of generation to the
transmission and distribution services needed to deliver power to consumers. In many states,
such efforts have also included separating generation assets from transmission and distribution
asses to form distinct economic entities. Transmission and distribution remainrrpgatated

throughout the country based on the cost of service

30E.g., PMJ Interconnection, LLC, Western Area Power Administration (which comprisesrdgsabs).

31E.g., Los Angeles Department of Power and Water, Florida Power and Light.
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2.3  Sales, Expenses, and Prices

Theseelectric generating sources provide electricity for ultimate commenadalstrial
and residential customers. Each of the three major ultimate categories consume roughly a quarter
to a third of the total electricity producg@see Table 2). Some of these uses are highly
variable, such as heating and air conditioning in residleand commercial buildings, while
others are relatively constant, such as industrial processes that operate 24 hours a day. The
distribution between the end use categories changed very little betweearDP0 1.

Table2-4. Total U.S. Electric Powe Industry Retail Sales, 2000 and2014 (billion kwh)

2000 2014

Sales/Direct Use Share of | Sales/Direct Use Share of
(Billion kwh)  Total End Use (Billion kWh) Total End Use
Residential 1,192 33% 1,407 36%
Commercial 1,055 29% 1,352 35%
Sales Industrial 1,064 30% 998 26%
Transportation NA 8 0.2%

Other 109 3% NA
Total 3,421 95% 3,765 96%
Direct Use 171 5% 139 4%
Total End Use 3,592 100% 3,903 100%

Source: Table 2.2, EIA Electric Power Annual, 2Gihd 2010

Notes: Retail salegre not equal to net generation (Tabig)because net generation includes net exported
electricity and loss of electricity that occurs through transmission and distribution.
Direct Use represents commercial and industrial facility use of onsite netaiegeneration; and
electricity sales or transfers to adjacent otazated facilities for which revenue information is not
available.

2.3.1 Electricity Prices

Electricity prices vary substantially across the United States, differing both between the
ultimate customer categories and also by state and region of the country. Electricity prices are
typically highest for residential and commercial customers because of the relatively high costs of
distributing electricity to individual homes and commerestiablishments. The highprices for

residential and commercial customers are the result both of the necessary extensive distribution

32 Transportation (primarily urban and regional electrical trains) is a fourth ultimate customer category which
accounts less than one percent of electricity consumption.
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network reaching to virtually every part of the country and every building, and also the fact that
generating stationg@increasingly located relatively far from population centers (which
increases transmission costs). Industrial customers generally pay the lowest average prices,
reflecting both their proximity to generating stations and the fact that industrial customers
receive electricity at higher voltages (which makes transmission more efficient and less
expensive). Industrial customers frequently pay variable prices for electricity, varying by the
season and time of day, while residential and commercial prices¢adiiohave been less

variable. Overall industrial customer prices are usually consideckdder to the wholesale

marginal cost of generating electricity than residential and commercial.prices

On a statéoy-state basis, all retail electricity pricesyaonsiderably. In 204, the national
average retail electricity price (all sectors) i@s44cents/KWh, with a range from13cents
(Washingtoi to 33.43(Hawaii) 3

Averagenational retail electricity prices increased betweerD288d 2014y 15.5percent
in realterms(2011$) The amount of increase differed for the three major end use categories
(residential, commercial and industrial). National aveiadastrial prices increased the most
(15.3percent), and commercipfices increased the leastqPercent). Theealyear prices for
2000 through2014 are shown in Figure®

33 EIA StateElectricity Profiles with Data for 2014tp://www.eia.gov/electricity/state/
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Figure 2-5. Real National Average Electricity Prices for Three Major End-Use
Categories

Source: EIA Monthly Energy Review, Table 9.8

Most of these electricity pricecreases occurred between 2002 and 2008; since 2008
nominal electricity prices have been relatively stable while overall inflation continued to
increase. The increase in nominal electricity prices for the major end use categories, as well as

increases inthe GDP price and CRJ indices for corparison, are shown in Figureg2
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Figure 2-6. Relative Increases in Nominal National Average Electricity Prices for Major
End-Use Categories, With Inflation Indices
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For a longer term perspectiiéigure 27 showsreaf* (2011$) electricity prices for the
three major custoer categories since 1960, and Figu&shows the relative change in real
electricity prices relative to the pricemcel960. As can be seen in the figures, the price for
industrial customersds always been lower than for either residential or commercial customers,
but the industrial price has been more volatile. While the industahjrice of electricity in
2014was relatively unchanged from 1960, residential and commercial real pri&spmeent

and 28 percent lower respectively than in 1960
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Figure 2-7. Real National Average Electricity Prices for Three Major EndUse
Categories(including taxes), 19662014 (2011%)

Source: EIA Monthly Energy ReviewMay 2016 Table 9.8

34 All prices in this section are estimated as real 2011 prices adjusted using the GDP implicit price deflator unless
otherwise indicated.
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Figure 2-8. Relative Change in Real National Average Electricity Prices (2011$) for
Three Major End-Use Categories

Source: EIA Monthly Energy Review]ay 2016 Table 9.8

2.3.2 Prices of Fossil Fuels Used for Generating Electricity

Anotherimportant factor in tB changes in electricity prices are the changeéglinered
fuel prices® for the three major fossil fuels used in electricity generation; coal, natural gas and
oil. Relative to real prices in 200the national average real price (in 2011$) of coal delt/éo
EGUsin 2014 had increased by #@rcent, while the real price of natural gas decreasd@ by
percent. The i@ price of delivered oil increased by 10&rcent, but with oil €clining as an
EGU fuel (in 2014il generated only 1 percent of electiygithe doubling ofleliveredoil prices
had little overall impact in the electricity market. The combined real deliveires gf all fossil
fuels in 2014 increased by fércent over 20@prices. Figure B shows the relative changes in

real price of all 3 fossil fuels between 20énd 204.

35 Fuel prices in this section are pHesented in terms of price per MMBtu to make the prices comparable.
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Figure 2-9. Relative Real Prices of Fossil Fuels for Electricity Generation; Change in
National Average Real Price petMMBtu Delivered to EGU

Source: Monthly Energy &iew, May 2016 Table 9.9

2.3.3 Changes in Electricity Intesity of the U.S. Economy fra2@ to 2014

An important aspect of the changes in electricity generation (i.e., electricity demand)
between 200 and 204 is that while totahet generation incread by &ercent over that period,
the demand growth for generation was lower thaih the population growth (I8rcent) and
real GDP growth (2percent). Figure-20 shows the growth of electricity generation,

population and real GDP during this period
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Figure 2-10. Relative Growth of Electricity Generation, Population and Real GDP Since
2000

SourcesGenerationlJ.S. EIA Monthly Energy Reviewyay 2016 Table 7.2a Electricity Net Generation: Total
(All Sectors).Population:U.S. CensuskReal GDP: 201&conomic Report of the President, TablSB

Because demand for electricity generation grew more slowly than both the population
and GDP, the relative electric intensity of the U.S. economy improved (i.e., less electricity used
per person and per reddllar of output) during 2000 to 2810n a per capita basis, real GDP per
capita grew byl2 percentbetween 2000 and 201At the same time electricity generation per
capita decreased by 4 percent. The combined effect of these two changes improvedlihe ove
electricity efficiency of the U.S. market economy. Electricity generation per dollar of real GDP
decreased5 percent. These relative changes are shown in Figlile Rigures 210 and 211
clearly show the effects of the 2002009 recession on bo@DP and electricity generation, as

well as the effects of the subsequent economic recovery
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Figure 2-11. Relative Change of Real GDP, Population and Electricity Generation
Intensity Since 200

SourcesGenerationlJ.S. EIA Monthly Energy Reviewyay 2016 Table 7.2a Electricity Net Generation: Total
(All Sectors).Population:U.S. CensusReal GDP: 2016 Economic Report of the President, Taide B

2.4  Deregulation and Restructuring

Theprocess of restructuring and deregulation of wholesaleetad electritty markets
has changed the structure of the electric power industry. In addition to reorganizing asset
management between companies, restructuring sought a functional unbundling of the generation,
transmission, distribution, and ancillamrgices the power sector has historically provided, with

the aim of enhancing competition in the generation segment of the industry

Beginningin the 1970s, government policy shifted against traditional regulatory
approaches and in favor of deregulationrfany important industries, including transportation
(notably commercial airlines), communications, and energy, which were all thought to be natural
monopolies (prior to 1970) that warranted governmental control of pricing. However,
deregulation effortsni the power sector were most active during the 1990s. Some of the primary
drivers for deregulation of electric power included the desire for more efficient investment
choices, the economic incentive to provide least electric rates through market comitpn,

reduced costs of combustion turbine technology that opened the door for more companies to sell

power with smaller investments, and compl exit
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establishing codbased rates for various customer classese@ulation and market restructuring

in the power sector involved the divestiture of generation from utilities, the formation of

organized wholesale spot energy markets with economic mechanisms for the rationing of scarce

transmission resources during jpeis of peak demand, the introduction of retail choice

programs, and the establishment of new forms of market oversight and coordination

Thepace of restructuring in the electric power industry slowed significantly in response to

market volatility in Calibrnia and financial turmoil associated with bankruptcy filings of key

energy companies. By the end of 2001, restructuring had either been delayed or suspended in

eight states that previously enacted legislation or issued regulatory orders for its impliement

(shown

as

i S u s pld).rEdeteroother statds ithat had serio2isly explored the

possibility of deregulation in 2000 reported no legislative or regulatory activity in 2001 (EIA,
2003) (ANot Ad3). Cwrendly, there arfe Idgtesrples thz District of Columbia

where price deregulation of generati-d3p (restr

Power sector restructuring is more or less at a standstill; by 2010 there were no active proposals

under review by the Fedd Energy Regulatory Commission (FERC) for actions aimed at wider
restructuring, and no additional states have begun retail deregulation activity since that time

Figure 2-12. Status of State Electricity Industry Restructuring Activities

Source: EIA 2010 .

Electricity Restructuring by State

-3

iStatus of Electricity Restructuring by
<http://www.eia.gov/cneaf/electricity/page/restructuring/restructure_elect.html>.
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